Abstract
Introduction

SNOMED CT
1 is the inheritor of a dynasty of medical nomenclatures and coding systems 2 which had been constructed to provide 1. semantic descriptors to annotate and encode clinical procedures, diagnoses, etc.; 2. standardized medical terms in different languages; 3. guidance for the construction of composed terminological expressions. SNOMED CT's predecessors made only very basic claims with respect to the domain they represented. The meaning of semantic descriptors was given by the intuitive understanding of the terms they were linked to and it was assumed that they were correctly interpreted by the (human) language users in the communication process. Therefore, none of these systems made any attempt to formally represent any reality beyond a rough mapping of controlled terms to shared concepts with the aim to reduce the high variability of human language through a set of controlled terms or to support the encoding of medical data by means of a coded thesaurus of procedural and administrative terms for the electronic health record. With the advent of SNOMED RT (and later SNOMED CT), logics entered the scene and added a mathematically rigorous layer to the hitherto informal, close-to-human-language representation of medical terms. However, the use of logic axioms and theorems in a terminology (which imposes the assignment of truth-values) requires an equally precise agreement about the objects and relations being denoted by the terms and concepts, a so-called ontological commitment 3 . In this paper we will substantiate the claim that SNOMED CT's ontological commitment is inconsistent. To this end we will scrutinize three frequent SNOMED CT design features, viz. (i) qualifiers and their values, (ii) context-dependent concepts, and (iii) multiple parenthood. Furthermore, we will discuss the pros and cons of the inferences they enable and discuss them in the light of competing ontological commitments.
Description Logics
SNOMED CT's backbone is given by a taxonomy of nodes, so-called SNOMED CT concepts. Every concept represents the characteristic properties of all its (concrete) instances. This is done by description logics (DL) 4 , which we will briefly introduce. Key notion are concepts (classes) and instances (their extensions). So is the class Liver instantiated by every individual liver, just as Bodily Organ extends to all individual bodily organs. Putting those two statements together, we get the hierarchy-building principle of taxonomic subsumption: Liver is subsumed by Bodily Organ. In DL this is expressed by Liver ⊑ Bodily Organ, which asserts that every Liver instance is also an instance of Bodily Organ 1 . More complex statements can be obtained by combining representations of classes with operators and quantifiers. In the following example, we employ the ⊓ ("and") operator and add a quantified role, using the existential quantifier ∃ ("exists" 
Running examples
Having introduced SNOMED CT's formal background we will base our forthcoming deliberations on four examples taken from the January 2009 release of SNOMED CT. All three examples are representative as the phenomena they incorporate occur frequently throughout the terminology.
1.
Infusion pump (430033006), a primitive concept in the Physical object branch:
All SNOMED CT concepts are inserted in this kind of subsumption hierarchies.
2.
Denied tonsillectomy.
(173422009|: 272125009|= 82975001), a postcoordinated concept, refining tonsillectomy by using the qualifier "priority" with the value "denied", in DL notation: Tonsillecomy ⊓ ∃ Priority.Denied. For all SNOMED CT procedure concepts (~50,000) analogous expressions can be created.
3.
Heart operation planned (183983001) Using these examples we want to demonstrate the different ontological commitments underlying SNOMED CT. In other words, we will ask the question: which entities in the clinical context are instantiated by SNOMED CT concepts? Below we present three possibilities: independently existing entities, representational artifacts, and clinical situations.
SNOMED CT concepts are instantiated by objects that exist independently of the clinical context
We will call this the standard interpretation, as it is the most straightforward one and corresponds to the view commonly defended by the realist approach to ontologies. This stance postulates the existence of objects and processes as independent of the circumstances of their observation 5 . Under this viewpoint, the concept Infusion pump would be instantiated by each and every individual infusion pump, independent of its involvement in any clinical process. It would not designate the mental concept or construction plan of an infusion pump. In the same line, the concept Tonsillectomy would be instantiated by every surgically removal of a tonsil in reality, and Aortic Stenosis by every morphologically altered state of a real aortic valve in a real patient.
SNOMED CT concepts are instantiated by representational artifacts as contained in an electronic patient record
We will call this the EHR interpretation. Under this view it does not matter whether some thing really exists or not. The only criterion is a mention in a documentation artifact such as an electronic patient record. This can be nicely shown by the postcoordinated SNOMED CT concept Denied tonsillectomy. It is not instantiated by a real tonsillectomy but by an EHR entry on tonsillectomy, an information object which may be further refined by qualifiers such as Denied, Planned, Scheduled. Under this point of view, an EHR entry "denied tonsillectomy" is indeed subsumed by the entry "tonsillectomy", so that this sentence holds true. How such an entry is interpreted by the EHR used in terms of what things in reality it denotes is not relevant here. But it is obvious that on the level of real objects and processes a denied tonsillectomy can never be a kind of tonsillectomy, so that the sentence is false at the level of real objects. A similar line of reasoning applies to the example Heart operation planned. Although this concept is not a subconcept of Heart operation (which would parallel the above example), its standard interpretation leads to contradictions: According to its definition, Heart operation planned implies the sentence ∃ Associated procedure. Operation on heart. Following the description logics semantics this means that for each instance of Heart operation planned there is at least one instance of Operation on heart. This contention can easily be disproved as planned procedures are not always executed. If Heart operation planned, on the contrary, is interpreted as to be instantiated by EHR objects, the sentence becomes true, using the same argument we used to support the subsumption relation between Tonsillectomy and Denied tonsillectomy.
SNOMED CT concepts are instantiated by patients or clinical situations.
Typical examples that suggest this third flavor of interpreting SNOMED CT concepts is suggested by the way SNOMED CT formalizes composed clinical findings and procedures. The standard interpretation conflicts with the fact that all elements of a combined finding, such as the complex heart malformation called Tetralogy of Fallot are introduced as its taxonomic parents. As a result, Tetralogy of Fallot is subsumed by the concepts Septal defect and Cardiomegaly, among others. As this is hardly tenable, SNOMED CT separated the findings from the morphology and separated them using so-called relationship groups. According to 6 , role groups are expressed in DL as an anonymous relation called rg. Role groups order the elements of a complex concept definition and prevent it from ambiguous associations. If we re-interpret rg as has_part as proposed by 7 there is little to criticize from an ontological point of view. However, role groups also appear in definitions where the reason is not obvious, e.g. 
Discussion and Conclusions
As much as we may find good explanations for the discussed types of SNOMED CT modeling decisions we raise our concern in view of the fact that the different ontological commitments are completely implicit and the choice is up to the user. As long there is no agreement on which SNOMED CT concepts extend to objects in clinical reality, to patients, to situations, or to documentation objects, different users may want to express different things by using the same expressions, and misinterpretations may lead to erroneous conclusions. To give just one example: If the same concept is instantiated to express plans (which always bear the possibility of not being realized) on the one hand and to express actions that have been realized, hospital statistics will become unreliable. SNOMED CT provides the means to represent situative scenarios that include not only negative contexts but also other contextual "moods". This extends the boundary of what a clinical terminology should represent and therefore overlaps with the realm of information models. The resulting problems with double negations have been intensively discussed in the context of TERMINFO 9 . We therefore defend the position that SNOMED CT should always subscribe to what we named standard interpretation, as it makes no background assumptions and is compatible with the approaches pursued by many other biomedical ontologies, e.g. the ones of the OBO foundry. SNOMED concepts should clearly extend to objects in clinical reality, viz. the anatomical structures, the diseases, and the procedures as they occur in patients. Wherever patients, situations, documentation objects or plans are referred to, this should be made clear in the concept name. For queries that target situations or patients as bearer of disorders but not the disorders themselves, SNOMED CT's postcoordination syntax allows to express this, e.g. by ∃ bearer-of. Pulmonic Valve Stenosis or ∃ bearer-of. Tetralogy of Fallot. Using a right-identity rule such as bearer-of * has-part -> bearer-of would then allow to infer that a Fallot patient has a stenosis of the pulmonic valve even if the problematic assertion Tetralogy of Fallot ⊑ Pulmonic valve stenosis were removed from SNOMED CT. For the encoding of epistemic aspects of the EHR, such as scheduled or cancelled procedures, the consistent use of an information model (e.g. HL7 or openEHR) should be preferred over the idiosyncratic use of logic-based formalism in a clinical terminology. Furthermore, SNOMED CT should ensure that any qualifier that can be or is attached to concepts is a pure restriction of the concept it qualifies, and not a modification of this concept, as is the case in "Priority: Denied". If SNOMED CT aims to be able to address such information, rather than leaving that to the information model, it should be represented in a consistent way. For example, whereas denied tonsillectomy is not a subclass of tonsillectomy, denial of tonsillectomy is a subclass of denial. Allowing post-coordinating denial with a procedure provides a workable way to specify denied procedures using SNOMED CT.
